——

LANL Operations and Maintenance Manual Section 500
Criterion 506: Emergency and Standby Power Systems Revision 1

CRITERION 506

EMERGENCY AND STANDBY POWER SYSTEMS

SIGNATURES

Qﬁmfﬂ(dfﬂ/ " FWO-SEM 665-7737
Dat

?)(es E.Charles — * Group Phone Number
riterion Author
- T 2 m W’ - -
: O . d aAl (O A2 . FWO-SEM 667-3616
David McIntosh Date Group Phone Number

Maintenance Engineering Team

W / 0/ %0 2 FWO-SEM 667-6261

Kurt Beckman Date Group Phone Number
Acting Group Leader

] w/"h]t)'l, FMC wpt-el/
Facility Management Council [Da{e Group Phone Number

Committee Chairperson



LANL Operations and Maintenance Manual Section 500

Criterion 506: Emergency and Standby Power Systems Date: 10/07/02
Revision 1

RECORD OF REVISIONS

Revision No. Date Description
0 08/27/98 Initid 1ssue.
1 01/03/02 This revision reflects the conversion from a WordPerfect

document into a Microsoft Word document and additiona
clarification of how to develop criteria. Mgor revisonsto
this document includes:

Incorporates areview of ORPS & NRC lessons
learned from 1/1/96 to 9/1/2001

The addition of a Table of Contents

The use of Basis Statements in Sections 6, 7, and 9
Revision to Section 9, "Required Documents,”
Further darification in the use of references.

10/02/02 Incorporation of formatting and text in 101 Writer's Guide
Rev. 3. Renumbered Tables and moved Table 1 to Section
8.2.7



LANL Operations and Maintenance Manual Section 500

Criterion 506: Emergency and Standby Power Systems Date: 10/07/02

1.0
2.0
3.0

31

3.2
4.0

4.1

4.2

4.3

4.4
5.0

5.1

5.2
6.0

6.1

6.2
7.0

7.1

7.2
8.0

8.1

8.2
9.0

9.1
10.0

11.0

Revision 1

TABLE OF CONTENTS
L 0 1
SCOPKE......e ettt sttt e et bR Rt R e n e Rt et et e tenbeereeReerenneeneenean 1
ACRONYMS AND DEFINITIONS......cootiiiieieieienie et 3
(0011 0TRSO 3
DEFINITIONS ...ttt ettt s e et e et e s bt e be et e sreenaesanens 3
RESPONSIBILITIES .....cecieeerese sttt sae st sse st sne s e eneeneens 5
FWO-Systems, Engineering and Maintenance (SEM)......cccoovveerenieneenesce e 5
FaCIlItY MANAGE.......c.i ittt b e 5
Lo TU o J I=o = S 6
Authority Having Jurisdiction (AHJ) —Fire Marshal...........ccccovovviiiinccecsee e 6
PRECAUTIONS AND LIMITATIONS......oooeeerese e 6
PreCautions ..o 6
0 T = 0] USSR 8
REQUIREMENTS ...ttt sttt st 9
Operations REQUITEIMENTS .........oiiiirieieiesie et sn e sre e 9
MaintenanCe REQUITEMENLS..........ccceieeieeeeseeste et e e ee e ae s sre e reesreennesnee e 12
RECOMMENDATIONSAND GOOD PRACTICES........cccooeieenesenesieseseeeens 18
Operations RECOMMENUALIONS ........cc.eeveirieiieeieseese ettt ere e re e e e sreenneas 19
Maintenance ReCOMMENAELIONS..........coiuiiiereeieeee e 20
(U 7 N N O S 21
OpErationS GUITANCE..........oiuirieriieiieieeee et sr e 21
MaiNtENANCE GUITAINCE ........coueiiiiiiesie sttt sttt renae s 21
REQUIRED DOCUMENTATION .....oiiiiiirieienie e 23
Additional DOCUMENLALION ........eeueeiieieiesiesie ettt st sre e b e 24
REFERENCES ..ottt sttt enes 24
APPENDICES ...ttt sttt st bbb 25



LANL Operations and Maintenance Manual Section 500

Criterion 506: Emergency and Standby Power Systems Date: 10/07/02
Revision 1

TABLES
Table3-1 ClassfiCation Of E& SPS......cccuuiriiriiiirieriirireeee et 4
TaDIE3-2  TYPES OF EQTPS. ... ittt bbbt 5
Table6-1 Maintenance REQUITEIMENTS.........coiiiiiiierieeie ettt sre e 13
Table6-2 Additioral Internal Combustion Engine ReqUIrements ...........ccceeveeeveeveseeseeenenn, 16
Table7-1 Maintenance Frequency Multiplier Chart ..o eevieie e 20
Table81 DoeFaCilitieS OCCUIENCES ........oieereeeieeeerieeieseesieeee e steeee e sseeeesseesaeesesneesseenseens 22
Table9-1 Required DOCUMENTALION........cooveiirierierierieeieeeee e se e r s enes 23



LANL Operations and Maintenance Manual Section 500

Criterion 506: Emergency and Standby Power Systems Date: 10/07/02

10

2.0

Revision 1

CRITERION 506

EMERGENCY AND STANDBY POWER SYSTEMS

PURPOSE

The purpose of this Criterion is to establish the minimum requirements and best
practices for operation and maintenance of engine-driven emergency and standby
electrica power generating syslemsat LANL.

The operation and maintenance of Emergency and Standby Power Systems (E& SPS)
will ensure that power is available for life safety, criticd, or safety classloads used to
protect hedlth and safety of the public, workers, and the environment. 1t can also
reduce the consequences of postulated events involving nuclear, chemica, or other
hazards or having adverse impact on the LANL mission.

This document addresses the requirements of LIR 230-05-01(Ref 10.1), “Operations
and Maintenance Manud.”

Implementation of this Criterion satisfies DOE Order 430.1A (Ref 10.2) for the
subject equipment / system. DOE Order 430.1A (Ref 10.2)“Life Cycle Asset
Management,” Attachment 2 * Contractor Requirements Document,” Paragraph 2,
Sections A through C, which in part requires UC to “...maintain physical assetsin a
condition suitable for their intended purpose,” and employ “ preventive, predictive,
and corrective maintenance to ensure physical asset availability for planned use
and/or proper disposition.” Compliance with DOE Order 430.1A is required by
Appendix G of the UC Contract.

SCOPE

The scope of this Criterion includes the routine inspection, testing, and maintenance
of dl gationary engine-driven emergency and standby eectrica power generating
systems. This Criterion does not address corrective maintenance actions required to
repair or replace equipment. Systems covered within this document include the driver
(the engine), transfer switches, controls, supervisory equipmernt, generator, related
electrical and mechanicd auxiliary equipment, and accessory equipment needed to
supply eectricad power to the load terminds of the trandfer switch. Equipment thet is
not included within the scope of this document are storage batteries, electrical battery
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chargers, and circuit breskers that may be utilized in dectrica power generating
systems. This equipment is covered within O&M Criterion 511 " Stationary System
Batteries' and O&M Ciriterion 504 "Low Voltage Electrica Equipment”. Additiond
equipment that is not within the scope of this document is uninterruptible power
supplies (UPS) that may be interconnected to an engine-driven power generating
system, as wdll as atransfer switch system internd to the UPS. This equipment is
covered within O&M Ciriterion 505 "Uninterruptible Power Supply Systems’.

Typical Emergency & Standby Power System

r—--—-—————-——-———- - —|
(I e N |
L ANN ] Full capacity primary power |
sources | | | |
| | Alternate Source |
| | Generator | |
Main | | |
OCD | |
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Non-E&SPS
Loads

Emergency & Standby Power System

XFMR

lann)
Generator E&SP &SPS E&SP
Load 1 Load 2 Load 3|

Overcurrent device with
switching mechanism (OCD)

o 0
Automatic or Manual transfer
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- 1
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L— 1|

Figure 2-1 Typicad Emergency and Standby Power System
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3.0 ACRONYMSAND DEFINITIONS
31 Acronyms
AHJ Authority Having Jurisdiction
CFR Code of Federd Regulations
E& SPS Emergency & Standby Power Systems
LIG Laboratory Implementing Guidance
LIR Laboratory Implementing Requirement
LPR Laboratory Performance Requirement
ML Management Level
NFPA Nationa Fire Protection Association
O&M Operations and Maintenance
PPE Personal Protective Equipment
PP& PE Persond Property and Programmatic Equipment
RP&IE Red Property and Ingtalled Equipment
SSC Structures, Systems, and Components
uc Universty of Cdifornia
3.2 Definitions

Automatic Transfer Switch. Sdf-acting equipment for transferring one or more
load conductor connections from one power source to another. (IEEE Std 446
Chapter 2 definitions [Ref. 10.11].)

Cold Start. Cold starting means low temperature inteke air that is coming insde the
engine cylinder, low temperature cylinder walls, and low temperature piston heed. All
these are making fue evaporation difficult. The usud way to Sart adiesd engineis
to initidly flood the engine with fud. The engine then accelerates to a speed over the
idling speed, then the governor kicks in, cutting the fuel, the engine decderates, fue
isinjected again and the cycle repeats itsalf until a stable speed isreached. Thiscycle
produces the exhaust of water vapors, oil particulate, even some fud droplets
remaining from the previous cycle.

Emergency and Standby Power System.  An independent reserve source of
electric energy that upon failure or outage of the norma source, automatically
provides reliable dectric power within a specified timeto critical devices and
equipment whose failure to operate satisfactorily would jeopardize the hedth and
safety of personnd or result in damage to property. (IEEE Std 446 Chapter 2
definitions [Ref. 10.11].)
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Class. Class defines the minimum time, in hours, for which the E& SPSis designed
to operate at itsrated load without being refudled. See Table. (NFPA 110 "Standard
for Emergency and Standby Power Systems’ Chapter 2 definitions [Ref. 10.6].)

Table 3-1 Classification of E& SPS

Class Time

Class 0.083 0.083 hours (5 minutes)

Class 0.25 0.25 hours (15 minutes)

Class 2 2 hours

Class 6 6 hours

Class 48 48 hours

Class X Other time, in hours, as required
by the application, code, or user.

Level. Itisrecognized that E& SPS are utilized in many different locations and for
many different purposes. The requirement for one application might not be
appropriate for other gpplications. Therefore, the NFPA 110 recognizes two levels of
equipment ingtallation, performance, maintenance and testing. (NFPA 110 " Standard
for Emergency and Standby Power Systems' Chapter 2 definitions [Ref. 10.6].)

Level 1. The most stringent equipment performance requirements for applications
wherefallure of the equipment to perform could result in loss of human life or serious
injuries. All Leve 1 equipment shal be permanently ingdled. Leve 1 includes

E& SPS designated by LANL asML1and ML2. Leve 1 dsoincludes ML3 E& SPS
that supply life safety systems. (NFPA 110 "Standard for Emergency and Standby
Power Systems’ Chapter 2 definitions [Ref. 10.6], and LIR 230-04-01 and L1G 230-
01-02 [Ref. 10.9 and 10.10].)

Level 2. Equipment performance requirements for goplications where fallure of the

E& SPSto performislesscriticd to human life and safety and whereiit is expected

that the authority having jurisdiction will exerciseits option to dlow a higher degree

of flexibility than provided by Levd 1. All Leve 2 equipment shdl be permanently
inddled. Leve 2 incudeslesscritica to human life E& SPS designated by LANL as
ML-3. (NFPA 110 "Standard for Emergency and Standby Power Systems’ Chapter 2
definitions [Ref. 10.2] and LIR 230-04-01 and LIG 230-01-02 [Ref. 10.9 and 10.10].)
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Type. Type defines the maximum time, in seconds, that the E& SPS will permit the

load terminals of the transfer switch to be without acceptable electrical power. Table
3-2 provides the types defined by this standard.

Table 3-2 Types of E& SPS

Type Timein Seconds

TypeU Basically uninterruptible (UPS
system)

Type10 10 seconds

Type 60 60 seconds

Type 120 120 seconds

TypeM Manua dationary or non-autometic -
no time limit

4.0 RESPONSIBILITIES
4.1 FWO-Systems, Engineering and M aintenance (SEM)

41.1 FWO-SEM isrespongble for the technical content of this Criterion and monitoring
the gpplicability and the implementation status of this Criteria and ether assgting the
organizations that are not applying or meeting the implementation expectations
contained herein or devating their concerns to the director(s).

Bass LIR 301-00-01.11; Issuing and Managing Laboratory Operations
Implementation Requirements and Guidance, Section 5.4, OIC
Implementation Requirements.

4.1.2 FWO-SEM shdl provide technica assstance to support implementation of this
Criterion.

4.2 Facility Manager
4.2.1 Responsible for operations and maintenance of ingtitutional, or Real Property and

Ingtalled Equipment (RP&IE) under their jurisdiction, in accordance with the
requirements of this document.
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Responsible for operations and maintenance of those Persond Property and
Programmatic Equipment (PP& PE) systems and equipment addressed by this
document that may be assigned to the FM in accordance with the FMU- specific
Facility/Tenant Agreement.

Group Leader

Responsible for operations and maintenance of those Persond Property and
Programmatic Equipment (PP& PE) systems and equipment addressed by this
document that are under their jurisdiction

Respongible for system performance andysis and subsequent replacement or
refurbishment of assgned PP& PE.

Authority Having Jurisdiction (AHJ) — Fire Mar shal

The AHJ is respongble for providing adecision on a specific technicd question
regarding this criterion.

PRECAUTIONSAND LIMITATIONS

Pr ecautions

This section is not intended to identify al gpplicable precautions necessary for
implementation of this Criterion. A compilation of al gpplicable precautions shdl be
contained in the implementing procedure(s) or work control authorization documents.
The following precautions are intended only to assst the author of a procedure or
work control document in the identification of hazards/precautions that may not be
immediately obvious.

Only fully trained and quaified persons with proper test equipment and persond
protective equipment shal be authorized to perform E& SPS maintenance. (LIR 402-
600-01 [Ref. 10.8] Section 7.3.3; NFPA 70E [Ref.10.15] Part Il Section 3-1 and Part
Il Section 2-1).

A specific lock-out/tag-out procedure should be developed for the maintenance of
each E& SPS. E& SPS present a specia lock-out/tag-out chalenge dueto the
presence of multiple eectrical power potentials available within atransfer switch.

Operating engines a no-load or loads less than 30% of the standby power rating for
prolonged periods of time may result in:

Wet Stacking - Wet stacking manifestsitsdf in the accumulation of carbon
particles, unburned fud, lube oil, condensed water and acids in the exhaust system.
This accumulation is due to incomplete combustion caused by low combusgtion
temperatures.
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Carboning - Carboning isthe result of carbon particles deposited on top of the
piston rings and in the injectors due to incomplete burning of fuel.

Fud Dilution of Lube Qil - Piston rings are designed for optimum sedling under
elevated combustion pressures. "When these pressures are not achieved dueto the

gpplication of low loads, the fud injected into the combustion chamber can get
past the piston rings causing afud dilution Situation in the lubricating ail.

Water Contamination of Lube Oil - If the lubricating oil does not &ttain the
desirable operating temperature, condensation of water may form in the engine all

pan.

Piston Detonation - Piston detonation damage is caused by excessve engineidling
or low load conditions that lead to locdized burning of fuel above thetop ring
when larger loads are required of the engine.

(Cummins Application Engineering Bulletin AEB 10.17 [Ref. 10.16].)

514 During maintenance and testing operations, personnel shdl not stand directly in front
of an automatic transfer switch when atransferring operation istaking place. (NFPA

110 [Ref. 10.6].)

5.1.5 Asaure dl safety shidds are properly ingdled and remain solidly in place for
personnel protection, for example, fan belt, fan, generator to driver coupling,
turbocharger and exhaust manifold blankets. (APl 7C-11F [Ref. 10.20].)

516 Thefollowing check list gives common causes of fires and explosions dueto ignition
of uncontrolled flow of gas and/or ail, and recommendations for minimizing their
potentid.
CAUSES SUGGESTED PREVENTION
Lack of proper equipment for shutting Switches or other equipment should be provided

down engines in an emergency.

for emergency stopping. Remote controls, and
controls a the engine should be present and
operable to provide immediate safe shutdowns.

Hot exhaust manifolds and piping.

Provide for water-cooled exhaust manifolds or
proper covering for exhaust manifolds and piping
with fireproof insulating materid.

Flame from lesky exhaust manifold or
piping.

Exhaugt manifolds should have fireproof gaskets
between bolted connections, or should be made
from pipe with screwed or welded connections.

Sparks or fire from end of engine exhaust
stack.

A spark-arrester type exhaust silencer should be
ingaled.
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CAUSES SUGGESTED PREVENTION

Opening of engine cylinder cocks (where Cylinder cocks of engines should not be opened
gpplicable). when aflame or spark may be discharged from

them into a gas-laden atmosphere.

Sparking from engine eectricd systems. The dements of an engine dectricd system

should never be manipulated so asto create a
spark in gas-laden atmosphere.

Electrica Storage Batteries Should be provided with suitable coversto

prevent accidenta contacting of battery terminas
and consequent electrical arcing.

Electric Sarters Should be protected with atight-fitting cover

band, or cover band gasket to shield commutator
arang.

5.1.7

5.1.8

5.1.9

5.2

Strict prohibition of open fires, lighted matches, and smoking should be insgsted upon
near interna-combustion engines. Combustible materids should dso be kept at safe
distances from hot surfaces of engines and their exhaust systems.

At least two persons shal dways be present when working on E& SPS. (DOE-STD-
3003 Section 4.7 [Ref. 10.7].)

Assure exhaust from generators are not being drawn into ar intakes or open windows
of buildings.

Limitations

Theintent of this Criterion is to identify the minimum generic requirements and
recommendations for SSC operation and maintenance across the Laboratory. Each
user isrespongble for the identification and implementation of additiond facility
gpecific requirements and recommendations based on their authorization basis and
unique equipment and conditions, (e.g., equipment history, manufacturer warranties,
operating environment, vendor O& M requirements and guidance, tc.).

Nuclear facilities and moderate to high hazard non-nudear fadlitieswill typically
have additiond facility-specific requirements beyond those presented in this
Criterion. Nuclear facilities shdl implement the requirements of DOE Order 4330.4B
(Ref. 10.3) as the minimum programmatic requirements for a maintenance program.
Additiond requirements and recommendations for SSC operation and maintenance
may be necessary to fully comply with the current DOE Order or CFR identified
above.

Page 8 of 25




LANL Operations and Maintenance Manual Section 500

Criterion 506: Emergency and Standby Power Systems Date: 10/07/02

6.0

6.1

6.1.1

6.1.2

6.1.3

6.1.4

Revision 1

REQUIREMENTS

Minimum requirements that Criterion users shal follow are specified in this section.
Requested variances to these requirements shall be prepared and submitted to FWO-
SEM in accordance with LIR 301-00-02 (Ref. 10.4), “Variances and Exceptions to
Laboratory Operations Requirements,” for review and approval. The Criterion users
are respongble for analysis of operational performance and SSC replacement or
refurbishment based on thisanalysis. Laws, codes, contractud requirements,
engineering judgment, safety matters, and operations and maintenance experience
drive the requirements contained in this section.

Operations Requirements

The routine maintenance and operationd testing program shal be based on the
manufacturer's recommendations, ingtruction manuds, and the minimum
requirements of NFPA-110 Chapter 6, and the authority having jurisdiction (AHJ -
FWO-FIRE).

Basss NFPA 110 "Emergency and Standby Power Systems,” Section 6-3 (Ref.
10.6). Compliance with NFPA Code isrequired as per Appendix G of
the UC/DOE contract.

Emergency operating procedures shdl be located where they are readily available to
personnel operating or maintaining the engine.

Bass  NFPA 37 Standard for the Ingtallation and Use of Internd Combustion
Engines and Gas Turbines, Chapter 9 (Ref. 10.17). Compliance with
NFPA Code isrequired as per Appendix G of the UC/DOE contract.

Personnd involved in the operations of engines shal be trained in the proper use of
portable fire extinguishers.

Bass. NFPA 37 Standard for the Ingtdlation and Use of Internd Combustion
Engines and Gas Turbines, Chapter 9 (Ref. 10.17). Compliance with
NFPA Codeis required as per Appendix G of the UC/DOE contract.

Any test that demondirates equipment being tested does not meet adesign
requirement shal condtitute a failure or reportable occurrence.

Bass DOE-STD-3003-2000, Section 4.8 and DOE O 232.1A "Occurrence
Reporting and Processing of Operations Information. DOE Order
232.1A isrequired as per Appendix G of the UC/DOE contract and
Work Smart Standards. (Ref. 10.7 and 10.18)
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6.1.5 Level 1 E& SPS, including dl gppurtenant components, shall be ingpected weekly.

Basiss NFPA 110 "Emergency and Standby Power Systems,” Section 6-4 (Ref.
10.6). Compliance with NFPA Code isrequired as per Appendix G of the
UC/DOE contract.

6.1.6 Generator sstsin Level 1 and Leve 2 service shall be exercised at least once monthly,
for aminimum of 30 minutes, using one of the following methods:

Under operating temperature conditions or at not less than 30 percent of the
E& SPS nameplate rating

Loading that maintains the minimum exhaust temperatures as recommended by the
manufacturer

Note: The date and time of day for required testing shal be decided by the owner,
based on facility operations.

Bass. NFPA 110 "Emergency and Standby Power Systems,” Section 6-4 (Ref.
10.6). Compliance with NFPA Code isrequired as per Appendix G of
the UC/DOE contract.

6.1.6.1  Equivdent loads used for testing shdl be automaticaly replaced with the emergency
loadsin case of failure of the primary source.

Bass. NFPA 110 "Emergency and Standby Power Systems,” Section 6-4 (Ref.
10.6). Compliance with NFPA Code is required as per Appendix G of
the UC/DOE contract.

6.1.6.2 Levd 1& 2 Diesd-powered E& SPSingallations that do not meet the requirements
of 6.1.6 shdl be exercised monthly with the avallable E& SPS load and exercised
annually with supplementd loads at 25 % of nameplate rating for 30 minutes,
followed by 50% of nameplate rating for 30 minutes, followed by 75% nameplate
rating for 60 minutes, for tota of 2 continuous hours.

Bass. NFPA 110 "Emergency and Standby Power Systems,” Section 6-4 (Ref.
10.6). Compliance with NFPA Code isrequired as per Appendix G of
the UC/DOE contract.

6.1.7 Load tests of generator sets shdl include complete cold Sarts.

Bass. NFPA 110 "Emergency and Standby Power Systems,” Section 6-4 (Ref.
10.6). Compliance with NFPA Codeis required as per Appendix G of
the UC/DOE contract.
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6.1.8

6.1.9

6.1.10

6.1.11

6.1.12

All new and exigting above-ground ail/fud storage tanks including vaulted tanks
greater than 660 gallons are required to have a Spill Prevention Control and
Countermeasure (SPCC) plan developed and implemented prior to atank being
placed into operation.

Bads LIR 404-50-01.0 "Water Pollution Control" Attachment 4
Time ddays shdl be st asfollows:

Time ddlay on gart: 1 second minimum (Exception: Gas turbine cycle: 0.5 second
minimum)

Time ddlay on transfer to emergency: no minimum required
Time ddlay on restoration to norma: 5 minutes minimum
Time ddlay on shutdown: 5 minutes minimum

Maximum time delay, in seconds, that the E& SPS may permit the load terminds
of the transfer switch to be without acceptable eectrical power is based upon the
"Type" classfication of the E& SPS. Refer to Definitions Section, Table 3-1 for
detalls.

Bass. NFPA 110 "Emergency and Standby Power Systems,” Section 6-4 (Ref.
10.6). Compliance with NFPA Code isrequired as per Appendix G of
the UC/DOE contract.

Leve 1 and Leve 2 transfer switches shal be operated monthly. The monthly test of
atrander switch shdl conss of dectricaly operating the transfer switch from the
standard to the alternate position and then a return to the standard position.

Bass. NFPA 110 "Emergency and Standby Power Systems,” Section 6-4 (Ref.
10.6). Compliance with NFPA Code isrequired as per Appendix G of
the UC/DOE contract.

The routine operationa testing program shal be overseen by a properly instructed
individud.
Bass. NFPA 110 "Emergency and Standby Power Systems,” Section 6-4 (Ref.

10.6). Compliance with NFPA Code isrequired as per Appendix G of
the UC/DOE contract.

E& SPS circuit breskersfor Leve 1 system usage, including main and feed breskers
between the emergency power generator and the transfer switch load terminals, shdll
be exercised annually with the emergency power generator in the off pogtion.

Bass. NFPA 110 "Emergency and Standby Power Systems,” Section 6-4 (Ref.
10.6). Compliance with NFPA Code is required as per Appendix G of
the UC/DOE contract.
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M aintenance Requirements

The routine maintenance and operationd testing program shal be based on the
manufacturer's recommendations, ingtruction manuds, and the minimum
requirements of NFPA-110 Chapter 6, and the authority having jurisdiction (AHJ -
FWO-FIRE).

Bass. NFPA 110 "Emergency and Standby Power Systems,” Section 6-3 (Ref.
10.6). Compliance with NFPA Code isrequired as per Appendix G of
the UC/DOE contract.

Hour meters shal be ingaled and maintained on dl operating, stationary dectricad
generator systems. The hour meters shdl be checked for functiondlity every 6
months.

Bass New Mexico Administrative Code, 20 NMAC 2.72.202B. (3) - Air
Qudity Condruction Permitting requires verification that sationary
emergency generators are exempt from ar quaity permitting if:

(a) they are operated only during unavoidable loss of power and
ingpection and testing

(b) they are operated less than 500 hours

(c) they are accompanied by sufficient record keeping to verify that the
generators are operated |ess than 500 hours (Hour Meters required
[Ref. 10.19] ).

Required maintenance activities and frequenciesfor Level 1 and Leve 2 E&SPS are
outlined in the table that follows. Further details of required maintenance activities
could be found in Sections 6.3 and 6.4 of NFPA 110 and API 7C-11F Section 6.
Refer to manufacturers and designer specifications for maintenance testing
acceptance criteria

Bass. NFPA 110 "Emergency and Standby Power Systems,” Section A-6-3.1
(Ref. 10.6) and APl Recommended Practice 7C- 11F Fifth Edition,
November 1, 1994, Section 6 (Ref. 10.20). Compliance with NFPA 110
and AP 7C-11F are required as per Appendix G of the UC/DOE
contract and Work Smart Standards.
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Table 6-1 Maintenance Requirements

Procedure Frequency
X —Action
R--Replace, if needed W-Weekly S--Semiquarterly
Component (as applicable M--Monthly A--Annually
Q--Quarterly #'s indicate hours
Level 1
Visual ML1, ML2, ML3 Level 2
Inspection|Check |Change |Clean| Test (life safety) ML3

1. Fuel System

(a) Main supply tank level X W M

(b) Day tank level X X W M

(c) Day tank float switch X X W Q

(d) Supply or xsfr pump opS X X W Q

(e) Solenoid valve ops X X W Q

(f) Strainer, filter, dirt leg or

combo. X Q Q

(g) Water in system X X W Q

(h) Flex hose and

connectors X R W M

(I) Tank vents & overflow

piping unobstructed X X A A

(j) Piping X A A

(k) Gasoline in main tank

(when used) R A A
2. Lubricating System

(a) Oil level X X W M

(b) Oil change R 50 or A 50 or A

(c) Qil filter(s) X 50 or A 50 or A

(d) Lube oil heater X W M

(e) Crankcase breather X R X Q S
3. Cooling System

(a) Level X X W M

(b) Antifreeze protection

level X S A

(c) Antifreeze X A A

(d) Adequate cooling water

to heat exchanger X W M

(e) Rod out heat exchanger X A A

(f) Adequate fresh air

through radiator X W M

(g) Clean exterior of radiator| X A A

(h) Fan and alternator belt X X M Q

(I) Water pump(s) X W Q

(j) Condition of flexible

hoses and connections X X W M

(k) Jacket water heater X W M

(I) Inspect duct work, clean

louvers X X X A A

(m) Louver motors and

controls X X X A A
4. Exhaust System

(a) Leakage X X W M

(b) Drain condensate trap X W M

(c) Insulation & fire hazards X Q Q

(d) Excessive backpressureg X A A

(e) Exhaust system hangers X A A
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Table 6-1 Maintenance Requirements

Procedure Frequency
X—Action
Re-Replace, if needed W-Weekly S--Semiquarterly
Component (as applicable M--Monthly A--Annually
Q--Quarterly #'s indicate hours
. Level 1
Visual ML1, ML2, ML3 Level 2
Inspection|Check |Change |Clean| Test (life safety) ML3

& supports

(f) Flexible exhaust section X S S
5. Battery System Refer to O&M Criterion 511 for Battery Detail

(a) Electrolyte level X W M

(b) Terminals clean and

tight X X A A

(c) Remove corrosion, cass

exterior clean and dry X X M M

(d) Specific gravity or state

of charge X M M

(e) Charger and charge ratsg X M M

(f) Equalize charge X M M
6. Electrical System

(a) General inspection X W M

(b) Tighten control & power

wiring connections X A A

(c) Wire chafing where

subject to movement X X Q S

(d) Operation of safeties &

alarms X X S S

(e) Boxes, panels, and

cabinets X S S

(f) Circuit breakers, fuses

Note: Do not break mfgs

seals or perform internal

inspection on these devices X X R X X 2 Hrs.orM 2 Hrs. or A

(g) Transfer switch main

contacts X X A A

(h) Calibrate of voltage-

sensing relays/devices X X 5 Hrs. or A 5 Hrs. or A

(I) Wire insulation

breakdown X 3 yrs. Or 500 Hrs. 5 yrs. Or 500 Hrs.
7. Prime Mover

(a) General Inspection X w M

(b) Service air cleaner X X S S

(c) Governor oil level and

linkage X X M M

(d) Governor oil X A A

(e) Ignition system -- plugs,

points, coil, cap, rotor,

secondary wire insulation X X R X X A A

(f) Choke setting and

carburetor adjustment X S S

(g) Injector pump and

injectors for flow rate

pressure, and /or spray

pattern X A A

(h) E&SPS @ min. of 80%

nameplate rating X Every 3 Yrs. For 4 hrs | Every 3 Yrs. For 4 hrs

(I) Valve clearance X Every 3 Yrs. Or 500 hrsJEvery 3 Yrs. Or 500 hrs

(j) Torque bolts X ||Every 3 Yrs. Or 500 hrs"Every 3 Yrs. Or 500 hrs
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Table 6-1 Maintenance Requirements

Procedure Frequency
X—Action

Re-Replace, if needed W-Weekly S--Semiquarterly

Component (as applicable M--Monthly A--Annually
Q--Quarterly #'s indicate hours

. Level 1
Visual ML1, ML2, ML3 Level 2
Inspection|Check |Change |Clean| Test (life safety) ML3

8. Generator

(a) General inspection X W M
(b) Brush Length,
appearance, free to move in

holder X X X S S
(c) Commutator and slip

rings X X A A
(d) Rotor and stator X X A A
(e) Bearing(s) X R A A
(f) Bearing grease X R A A
(g) Exciter X X X A A
(h) Voltage regulator X X X A A

(I) Measure and record
resistance readings of
windings with insulation
tester (Megger) X A A

8. General E&SPS

(a) General inspection for
unusual conditions of
vibration, leakage, noise,
temperature, or

deterioration X X W M
(b) Service room or housing
housekeeping X X W M

(c) Restore system to
automatic operation
condition X W M

Bass. NFPA 110 "Emergency and Standby Power Systems,” Appendix A-6-
3.1 (Ref. 10.6). Compliance with NFPA Code is required as per
Appendix G of the UC/DOE contract.
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6.2.4 Additiond required maintenance activities and frequencies for dl sationary E& SPS
internd combustion engines are outlined in the table that follows. Further details of

these required maintenance activities can be found in Section 6 of APl 7C-11F
"Recommended Practice for Ingallation, Maintenance, and Operation of Interna-
Combustion Engines." Assure awareness to manufacture's recommendations are kept

under consderation.

Note: The maintenance frequency periods identified in the following table has been
increased to fal in sequence with NFPA-110 frequencies. The APl (American
Petroleum Indtitute) frequencies are based upon constant running internal combustion
engines, whereas the frequencies in NFPA-110 are based upon infrequent emergency
operations and monthly test runs.

Bass. APl Recommended Practice 7C- 11F Fifth Edition, November 1, 1994,
Section 6 (Ref. 10.20). Compliance with NFPA 110 and APl 7C-11F are
required as per Appendix G of the UC/DOE contract and Work Smart
Standards.

Table 6-2 Additional Internal Combustion Engine Requirements

Engine Component Requirement Frequency

Turbocharger Listen to sounds of turbocharger and note any Monthly
vaiation fromnorma. Note intake manifold
pressure and record same.

Throttle and Governor Governor linkage and butterfly-sheft-end shdl Monthly
be checked for free movement through ther
full range. Minor governor adjustments
should be made, if needed; and throttle and
governor controls shdl be lubricated

Air Box Drains Air Box Drains shdl be checked for proper Monthly
functioning

Gas Regulators (Nat. gas) Gas engines shall be checked for gas pressure Annud
at the primary and find regulaors.

Starting Equipment Starting equipment shall be carefully tested Annud

and ingpected. Check for proper lubrication
and generd condition; mounting bolts, bendix-
drive lubrication, engagement linkage, pinion
gear mesh and adjustment. For air sart
systems; add recommended lubricant to air
dart reservoirs and clean air traps of dirt.
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Engine Component Requirement Frequency

Observe manufacture recommendations.

Vibration Damper Ingpect vibration damper off crankshaft for Annud
damage, run-out, Sgns of deterioration or loss
of viscous materid, or looseness.

Turbocharger Impdller Ingpect turbocharger compressor impeller for Annual
accumulations of dirt, dust, and ail. Clean
according to manufacturer's recommendations.

Exhaugt manifolds, covers, Ingpect for protection against water entrance to Annud

valves, other devices exhaust manifolds, covers, valves, or other
devices should be checked

Turbo-Intercooler Check drive, bearings, sedls, and coolant flow Annud
of intercooler water pump. Clean intercoolers
according to manufacturer's instructions.

Engine Mounts Engine mounts shal be ingpected and 3yrs. or
tightened, if require, to manufacture's every 500
specifications. The ingpection shdl dso hrs.

indude 9gns of engine shifting, misdignmernt,
loosening of coupling or pulley, or improper
loading. Any shifting shdl be corrected and
al points of dignment rechecked.

Bass APl Recommended Practice 7C-11F Fifth Edition, November 1, 1994,
Section 6 (Ref. 10.20). Compliance with APl 7C-11F isrequired as per
Appendix G of the UC/DOE contract and Work Smart Standards.
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6.2.5

Immediately following Maintenance required activities perform post maintenance test

asfollows: operating and run testing guidance can be utilized as follows:

1. Perform maintenance as per Table 6-1, 6-2in
Requirements Section

8. Record initia oil pressure and battery charging
rate.

2. Record running time meter reading at start and
end of test.

9. Record oil pressure, battery -charging rate, and
water or air temperature after 15 minutes run time.

3. Smulate normal power failure from a"cold gart"
by use of the test switch in the automatic transfer
switch or by opening norma power supply to

E& SPS

10. Return test switch to normal or re-establish
normal power supply at such time to cause a
minimum running time of 30 minutes under load.

4. Observe and record time delay on start.

11. Record prime mover and ac instruments just
prior to transfer.

5. Record cranking time (terminates when engine
starts).

12. Record time delay on re-transfer.

6. Transfer load

13. Record time delay on shutdown for units so
equipped.

7. Record AC voltage, Frequency, and Amperage

14. Place unit in automatic operation mode.

Bass;

New Mexico Adminigtrative Code, 20 NMAC 2.72.202B. (3) - Air

Quadlity Congruction Permitting requires verification that stationary
emergency generaors are exempt from ar quaity permitting if:

(d) they are operated only during unavoidable loss of power and

Ingpection and testing

(e) they are operated less than 500 hours

(f) they are accompanied by sufficient record keeping to verify thet the
generators are operated |ess than 500 hours (Hour Meters required

[Ref. 10.19] ).

7.0 RECOMMENDATIONS AND GOOD PRACTICES

The information provided in this Section is recommended based on acceptable
industry practices and should be implemented by each user based on hisher unique
gpplication and operating history of the subject systems/equipment.
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7.1 Operations Recommendations

711 E& SPSs are recommended to be exercised with a minimum 30% load of nameplate
or the manufacturers recommended exhaust stack temperature for aminimum 30
minutes. Generators are often exercised a a No-Load for 30 minutes, or until the
engine has reached stabilized coolant temperatures. Repeated, extended operating (>
30 minutes) without load can cause combustion -related problems that may lead to
engine damage. Utilizing load banks are recommended when possible to provide
proper engine temperatures.

Bass  Cummins Application Enginesring Bulletin AEB 10.17 (Ref. 10.16)

7.1.2 Life-limited components - Sufficient quantities of spares should be maintained and
should be replaced according to manufacturers directions.

Bass |EEE 446 Emergency and Standby Power Systemsfor Industrid and
Commercid Applications, Chapter 8 (Ref. 10.11).

7.1.3 Fud system operations and design should consider the safe provision of an adequate
supply of clean, fresh, fud to the prime mover. Untreated diesdl has an gpproximate
storage life of 1.5 to 2 years and untrested gasoline has a storage life of
gpproximately 6 months. Treated fuels may have lager sorage periods. Provisons
should be made to operate in such away that fuel will be replenished within storage
life periods and/or stde fuelswill be replaced with fresh fuds.

Bass NFPA 110 “Standard for Emergency and Standby Power Systems”’,
Section Appendix A, A-5-9.1. (Ref. 10.6).

714 Personnel who operate and/or maintain E& SPS should have the following:

An understanding of NFPA-101 "Life Safety Code" and manufacturers test
procedures and frequencies

Specid training at manufacturers location for equipment starting, shutdowns and
routine maintenance

A complete set of step-by-step test and maintenance procedures
Physical access to E& SPS equipment to perform tests within required frequencies
Management support to perform tests within required frequencies

Bass  Reference |EEE 446 Emergency and Standby Power Systems for
Industrial and Commercia Applications, Chapter 8 (Ref. 10.11).

7.15 Whenever additiond |oads are connected to an E& SPS, check the protective device
coordination , cdibration , and proper operation of the modified system

Bass NFPA 70B Section 22-2.2.8 (Ref. 10.12)
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7.2 M aintenance Recommendations
721 Maintenance intervals for recommended operationa inspection and testing should

take into consderation the type of service to which the E& SPSis subjected (duty
cycle, chemicas, dust, heet), age and condition of the equipment, manufacturer's
recommendations, and trending. Table 7-1 should be utilized in conjunction with

Table 3-1 and 3-2 for E& SPS to enhance the maintenance frequencies based upon the
different conditions of the E& SPS equipment.

Table 7-1 Maintenance Frequency Multiplier Chart

Maintenance Frequency Multiplier Chart

Equipment Condition or
Operating Environment
POOR AVERAGE GOOD
- =
s 2 g LOW (ML4) 1.00 2.00 2.50
55 ¢
= % S | MEDIUM (Level 2, ML3) 0.50 1.00 1.50
o (on
w x o
™ JHiGH (Level 1. ML1&ML2 0.25 0.50 0.75

Bass. NFPA 70B “Recommended Practice for Electrica Equipment
Maintenance’ Appendix H, Maintenance Guiddines and NETA MTS-
2001 Appendix B “Frequency of Maintenance Tests’ (Ref. 10.12 and

10.13).

Sample usage of Table 7-1: Sdlect aparticular required maintenance activity from
Table 3-1 or 3-2. Suppose the frequency of the activity is monthly. Now determine
the condition of a specific E& SPS. Isit in poor, average, or good condition or
operating environment? Selecting the condition of the equipment is based upon age,
hat, dirty, corrosive environment, or smply a problematic piece of equipment. It
could be new with very few hours of service. Let's say we sdlected an operating
condition of "Good" (above average). After selecting the equipment condition, select
the management level requirement. Let's say we selected ML 3. Sdlecting the two
criteriaon Table 7-1 provides us with amultiplier of 1.5. The frequency of the
particular maintenance activity selected now has become increased from monthly to
every 6 weeks.
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8.1.4
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8.2.2

8.2.3

Revision 1

GUIDANCE
Operations Guidance

The agpplicable training courses for portable fire extinguisher usage is provided by
ESH-13. The course numbers are 15672, "Designated Worker and Fire Watch'
(Annud Sdf-Study), and 9893, "Fire Extinguisher Hands-on Training.”

Utilize LIR 402-130-01.1 "Abnormd Events' for directives on proper Occurrence
Reporting at LANL. (Ref. 10.20)

ESH 18 will provide information, guidance and/or provide actua Spill Prevention
Control and Countermeasure (SPCC) plans, if requested, for those who may need
assstance in development or implementation of a proper SPCC.

During monthly testing of E& SPS, transfer switch operations can be operated and
verified in sequence with the engine/generator run test. Certain specific E& SPS may
require backup generation to individua loads to alow for this testing to occur, to
assure thereis no interruption of critical loads.

A properly ingtructed or trained individua respongble for the overseeing of aroutine
operationd testing program may be someone with the following:

A qudified individud shdl be trained and knowledgesble of the construction and
operation of the E& SPS. He would be trained and experienced to recognize and
avoid the dectrical and mechanica hazards that might be present with respect to the
E& SPS equipment. Theindividud shal aso be familiar with the proper use of
specid precautionary techniques, persond protective equipment, insulating and
shidding materid, and insulated tools and test equipment. Ref. 10.12.

M aintenance Guidance

ESH- 16 performs record keeping on al known stationary E& SPSfor tota run hours
to meet NMAC 2.72.202B. (Ref. 10.19)

Specid tools and testing devices required to perform proper maintenance should be
kept in a secure and available location for technicians to perform their tasks correctly.
Utilizing the table in section 6.2.3, awritten schedule, or schedule entered into a
computerized maintenance management system (CMMS) would be very effective.

Provided it has been reviewed and gpproved by FWO-SEM, an acceptable preventive
maintenance inspection and testing program for E& SPS may be found in the JCNNM
preventive maintenance indruction PMI 40-25-007, “Backup Generator Systems
Maintenance, Repair and Tegting.”
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8.24 Manage the maintenance and cleanliness of an E& SPS engine (driver) to alike-new

8.25

condition at dl times. Dirt and corroson are mgor causes of equipment failures.
Reference | EEE 446 Emergency and Standby Power Systems for Industrial and
Commercid Applications, Chapter 8. (Ref. 10.6)

The best method recommended for cleaning of generator windingsis avacuum
cleaner with proper fittings. Compressed air is not recommended, it normally just re-
deposits dust and contaminants to another location. Reference |EEE 446 Emergency
and Standby Power Systems for Industrial and Commercia Applications, Chapter 8.
(Ref. 10.6)

A review of DOE Occurrence Reports from FY 1995 through FY 2001 that were
filtered for "dectricd equipment” then for "emergency generators' yidded 210
occurrence reports. This criterion encompasses most of the operations and
maintenance-related occurrences identified in Table 8-1. These reports are
categorized and ranked in the following order:

Table 8-1 DOE Facilities Occurrences

Failure Type # Failures [% of Total Failures

Cooling Systems
Electrical Components
Poor Procedures

Battery system failures
Unknown occurrences
Designh Problems
Insufficient Training

Fuel Problems

Air System Problems
Governor Problems
Maintenance Frequencies
Old Obsolete Equipment
Generator Failures
Mechanical Failures
Safety System Actuations
Instrumentation failures
External Electrical Faults

N
N

N
(0]

N
N

N
o

=
©
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D

=
w
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9.0 REQUIRED DOCUMENTATION

Maintenance history shdl be maintained for E& SPSto include, as a minimum, the
parameters ligted in the Table 9-1 below:

Table 9-1 Documentation Parameters

MAINTENANCE HISTORY DOCUMENTATION PARAMETERS
PARAMETER ML1 | ML2 ML3 ML3NOT
affecting affecting
lifesafety | life safety
Maintenance Activities
Maintenance Date| X X X X
PM ActivitiesPerformed | X X X X
PartsReplaced | X X X X
ModificationsMade| X X X X
Post Maintenance Testing Performed | X X X X
Identification of Maintenance| X X X X
Personnel
Equipment Problems
Falure Dates| X X X X
Falure Root Cause| X X X X
Corrective Actions Taken| X X X X
PartsReplaced | X X X X
Post-Repair Testing Performed | X X X X
Date Returned to Service| X X X X
Identification of Servicing Personnd | X X X X
I nspection Results
Ingpection Date | X X X X
Inspection Performed | X X X X
Sart Reliability (IEEE SXd 762 def.) | X X X X
TestsPerformed | X X X X
E&SPS Condition| X X X X
Meter Readings | X X X X
Identification of Inspecting Personnd | X X X X

Bass. Documentation of the parameters listed in Table on the previous page
satisfies the requirements of LPR 230-07-00, Criteria 2, (Ref. 10.14)
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which gtates, “Maintenance activities, equipment problems, and
ingpection and test results are documented.” NFPA 110 (Ref. 10.6),
Section 6, and DOE Std 3003 (Ref. 10.7) require References.

9.1 Additional Documentation

911 For Level 1 systems, one &t of ingtruction manuas shall be kept in a secure,
convenient location near the equipment. The other set shall be kept in a different
secure |ocation.

Bass. NFPA 110 "Emergency and Standby Power Systems,” Section 6-4 (Ref.
10.6)

10.0 REFERENCES
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this document.
10.1 LIR 230-05-01.0, Operation and Maintenance Manual.
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Sections A through C), arequirement of Appendix G of the UC Contract.
10.3 DOE Order 4330.4B, Maintenance Management Program, Section 3.4.9.
104 LIR 301-00-02.0, Variances and Exceptions to Laboratory Operation Requirements.
105 LPR 230-07-00, Maintenance History, Performance Criteria[2].
10.6 NFPA 110 Standard for Emergency and Standby Power Systems.
10.7 DOE-STD-3003-2000, DOE Standard Backup Power Sources for DOE Facilities.
10.8 LIR 402-600-01.1, Electrica Safety.
10.9 LIR 230-04-01.1, Laboratory Maintenance Management Program.

10.10 L1G 230-01-02.0, Graded Approach for Facility Work.

10.11 |EEE Std 446, Emergency and Standby Power Systems for Industrial and
Commercid Applications.

10.12 NFPA 70B, Recommended Practice for Electrica Equipment Maintenance.

10.13 NETA MTS-2001 Appendix B "Frequency of Maintenance Tests."

10.14 LPR 230-07-00, Maintenance Higtory.

10.15 NFPA 70E, Standard for Electrica Safety Requirements for Employee Workplaces.
10.16 Cummins Application Engineering Bulletin AEB 10.17.

10.17 NFPA 37, Standard for the Ingtallation and Use of Interna Combustion Engines and
Gas Turbines.
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10.18 DOE O 232.1A, Occurrence Reporting and Processing of Operations Information.
10.19 New Mexico Administrative Code, 20 NMAC 2.72.202B. (3) - Air Qudlity
Congtruction Permitting.
10.20 LIR 402-130-01.1, Abnorma Events
10.21 APl Recommended Practice 7C-11F 5™ Edition "Recommended Practice for
Ingtdlation, Maintenance, and Operation of Interna-Combustion Engines.”
11.0 APPENDICES
None
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